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Description r ^ ^ ^ \s 

Device and method for calibration of a mass flow sensor 

^ 

^ — ■ — ^ — ' 

The invention relates to a device and a method for 
calibration of a mass flow sensor. The device is 
occasionally also referred to as a flow bench. 



The combustion process in an internal combustion engine 
10 depends quite decisively on the amount of air that is 
supplied. Therefore, mass flow sensors which sense the 
mass of a flowing gas are used. The sensed measuring 
signal in the form of a current and voltage value or a 
period duration value in the case of clocked signals is 
15 subsequently assigned a value for the mass flow, for 
example in kilograms/hour . In order that the sensed 
measuring signals correctly reproduce the mass flowing 
past, it is necessary to calibrate the mass flow 
sensor . 

20 

DE 198 57 329 Al discloses a flow bench and a method 
for the testing and calibration of a mass flow sensor. 
In the case of' the flow bench, a mass flow sensor to be 
calibrated and a reference mass flow sensor are 

25 arranged one behind the other in a flow channel. A 
pump generates an air mass flow in the flow channel, 
the two mass flow sensors being positioned upstream of 
a throttle valve. A position downstream is also 
possible. A controller sets the throttle valve in the 

30 flow channel, so that the mass . flow varies in 
intensity. The measured values of the reference mass 
flow sensor are used to determine the values for the 
mass flow sensor to be calibrated. In the 

determination of the values for the mass flow sensor to 

35 be calibrated, pressure losses at the upstream sensor 
must be taken into account. 
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In the not yet published German patent application DE 
101 49 292.8, a description is given of operating 
without a reference mass flow sensor. In this case, a 
mass flow/time profile is preset in the flow channel by 
5 means of a standard valve. The mass flow sensor to be 
calibrated is calibrated in the air mass flow set by 
the standard valve on the basis of a predetermined 
mass/ time profile. A disadvantage of this method, also 
referred to as masterless calibration, is that the 
10 temperature and pressure profiles on the suction side 
of the pump must be kept absolutely constant. Any 
changes caused by ■ the ambient temperature and/or the 
ambient pressure may falsify the values of the 
calibration. 

15 

The invention is based on the object of providing a 
device and a method for calibration of a mass flow 
sensor which avoid the aforementioned disadvantages and 
allow the calibration of the mass flow sensor to be 
20 carried out particularly quickly and reliably. 

The underlying object is achieved by a device for 
calibration of a mass flow sensor with the features 
from claim 1 . Advantageous configurations of the 
25 device according to the invention are the subject of 
the subclaims . 

The device according to the invention has a flow 
channel and a holder for a mass flow sensor to be 
30 calibrated in the flow channel. The flow channel is 
connected at one end to a pump which pumps gas, in 
particular air, through the flow channel. An 
adjustable throttle device is provided between the 
holder and the pump. 
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The throttle device is designed in such a way that, 
when the pump is being operated, a flow is generated at 
the speed of sound in the narrowest cross section of 
the throttle device. A control device adjusts the 
5 throttle device during the calibrating operation 
according to a predetermined time/displacement profile. 
The adjustable throttle device is operated in 
supercritical operation, in that a specific pressure 
ratio between the inlet pressure and the pressure on 

10 the suction side is achieved. In supercritical 
operation of the throttle device it is the case that 
the speed in the narrowest cross section of the nozzle 
does not change when there is a change in the pressure 
on the suction side, and consequently the mass flow 

15 through the throttle device remains constant. There is 
no longer any need for monitoring of the pressure on 
the suction side. 

In a preferred configuration, the adjustable throttle 
20 device is a variable nozzle. It has been found to be 
an advantage that, for a supercri tically operated 
nozzle, the mass flow can be calculated very accurately 
from pressure, temperature and relative atmospheric 
humidity. 

25 

In a particularly preferred configuration, a variable 
nozzle has a conically widening portion and a spike 
which is arranged in the portion and the position of 
which is adjustable by means of a drive in the portion, 

30 in order to change the free cross section in the 
portion. The spike preferably has in this case the 
form of a cone or a truncated cone, which is arranged 
centrally in the portion. The spike is preferably 
adjustable along its longitudinal axis by means of the 

35 drive. 
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Sensors for sensing state variables of the mass flow 
are arranged between the air mass sensor and the 
throttle device. 
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These are sensors for temperature, relative atmospheric 
hiimidity and pressure. These values are used to 
determine the mass flow passing through. 

5 The object according to the invention is likewise 
achieved by a method with the features from claim 8. A 
preferred development of the method according to the 
invention is the subject of claim 9. 

10 In a first step of the method according to the 
invention, a mass flow sensor to be calibrated is 
arranged in the flow channel. A mass flow varying in 
its values over time is generated in the flow channel. 
The mass flow, which is specified for example in the 

15 units of kilograms /hour, changes in the flow channel. 
Additionally provided in the flow channel is a throttle 
device, which is flowed through at the speed of sound 
in the narrowest cross section. In comparison with the 
conventional ramp flow bench, pressure and temperature 

20 on the suction side have no bearing here, so that the 
calibration becomes more stable and can be performed 
more quickly. In addition to this there is the fact 
that the method according to the invention is to the 
greatest extent independent of the stability of the 

25 pump suction capacity. 

In a preferred development of the method according to 
the invention, an adjustable nozzle which makes the 
mass flow pass with predetermined values by the mass 
30 flow meter to be calibrated is provided as the throttle 
device. 

Apart from the calibration described above, the 
invention can also be used for checking and/or 
35 diagnosis of the mass flow sensors. 
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A preferred configuration of the invention is explained 
in more detail below on the basis of the figures, in 
which: 

5 Figure 1 shows a flow bench in a schematic view and 

Figure 2 shows a flow diagram of the method according 
to the invention. 

10 Figure 1 shows a flow bench 10 in a schematic view. 
Air enters the flow bench in the direction of flow A 
via a funnel-shaped receiving opening 12. Downstream 
of the inlet opening 12, the head of a plug-in air mass 
sensor can be seen, the measuring region of which is 

15 bathed in the stream of air. However, the flow bench 
is not in any way restricted to plug- in air mass 
sensors, but rather any desired air mass sensors can be 
calibrated in the flow channel. For this, the air mass 
sensor to be calibrated may for example be placed in 

20 the flow channel while already fitted together with a 
sectional tube 16. 

Further downstream, sensors for temperature- 18, 
relative atmospheric humidity 20 and pressure 22 are 

25 provided. Downstream of the sensors there is an 
adjustable nozzle 24. The nozzle represented in Figure 
1 is a so-called laval nozzle, the flow conditions of 
which can be analyzed particularly well. Once the 
speed of sound is reached in the narrowest cross 

30 section, the outflow quantity is not influenced even by 
lowering of the pressure on the suction side 
(downstream of the nozzle) . The outflow quantity is 
also not influenced by rising of the pressure on the 
suction side, as long as supercritical operation is 

35 maintained. If the laval nozzle 24 is operated in the 
supercritical range, the outflow quantity of the nozzle 
impinging on the mass flow sensor to be calibrated is 



wo 2004/027354 PCT/DE2003/002674 

- 6^ - 

independent of fluctuations in the pump delivery 
capacity, as long as the critical pressure ratio is not 
exceeded. 



5 The mass flow through the nozzle 24 is dynamically set 
by means of a spike 26, which can be made to move along 
the direction of the double-headed arrow B. The spike 
26 is set by means of the drive 28, which is activated 
by the control device (not represented) . On the 

10 suction side, a pressure sensor 30 is provided in the 
flow channel. The pressure sensor 30 together with the 
pressure sensor 22 makes it possible to establish which 
pressure ratio is present at the nozzle 24 and to 
conclude from this whether supercritical operation has 

15 already been reached. The air flow through the flow 
channel is generated by the pump 32. 

During the calibration of the air mass sensor 14, the 
setting of the spike 26 is changed on the basis of a 

20 predetermined time/displacement profile. The change 
takes place continuously. Since, in the supercritical 
range, the mass flow from the nozzle 24 is independent 
of the pressure on the suction side, the mass - flow 
sensor 14 to be calibrated can be calibrated and/or 

25 checked particularly reliably. 

Figure 2 shows the individual method steps of the 
method according to the invention. In step 34, the 
sensor to be calibrated is inserted into the flow 

30 channel. In step 36, a flow through the nozzle is 
built up. In step 38, the spike 26 is pulled out 
continuously on the basis of a predetermined 
displacement /time profile, which fixes the mass 
flow/ time profile through the nozzle. At the same 

35 time, in step 40, the measuring signals of the mass 
flow sensor to be calibrated are sensed. 



